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S H O R T  C O M M U N I C A T I O N  
P e n i c i l l i u m  u r t i c a e  B a i n i e r  E n u m e r a t i o n  i n  S o i l s  * 
Introduclion 
Studies  of s t u b b l ë - m u l c h e d  soils f rom t h r e e  loca t ions  in  N e b r a s k a  showed  
la rger  t o t a l  c o u n t s  (bac te r i a  a n d  ac t inomyce te s )  a n d  fungi  t h a n  in p lowed 
soils a 6. Penicilliurn urticae Bain ie r  n u m b e r s  increased  in sub t i l l ed  soil eom- 
p a r e d  w i t h  e i the r  p lowed soil or  sub t i l l ed  soil w i t h  crop res idues  r emoved .**  
t ). urticae B. p roduces  pa tu l in ,  a p h y t o t o x i c  subs tance .  This  o rgan i sm is re- 
ga rded  as one of t h e  poss ible  sources  of t h e  t ox i c i t y  p r o b l e m  ar is ing  in 
s t u b b l e  m u l c h i n g  4 s. Penicillium expansum L i n k  an d  p a t u l i n  were s tud ied  in 
t h e  app le  r e p l a n t  p r o b l e m  2 
The  pu rpose  of th i s  p a p e r  is to  p r e sen t  m e t h o d s  to  e s t i m a t e  P. urticae B. 
n u m b e r s  in  soils a n d  d e m o n s t r a t e  p a t u l i n  in selected fungal  isolates.  
Soll plating and isolation 
A specia l  l aye r ing  a n d  cu l tu re  t e c h n i q u e  t speeded  t h e  g r o w t h  a n d  sporu la -  
t i on  of t h e  fungus  in d i lu t ion  p l a t e  counts .  Rose  benga l  aga r  1 p la t e s  were 
p o u r e d  a n d  h a r d e n e d .  One-mi l l i l i te r  a l iquo t s  f rom t h e  d i lu t ion  bo t t l e s  were 
p laced  in t u b e s  c o n t a i n i n g  2 ml  of 1% m e l t e d  aga r  a t  40°C. T h e  t e s t  t u b e  
c o n t e n t s  were mixed  b y  r o t a t i o n  b e t w e e n  t h e  p a h n s  of t h e  hands ,  a n d  p o u r e d  
over  one of t h e  p r e p a r e d  p la tes .  I n c u b a t i o n  was a t  25°C. 
Af t e r  m a k i n g  t h e  t o t a l  fungi  counts ,  t h e  p la t e s  were w a r m e d  to  room 
t e m p e r a t u r e  ( abou t  25°C) a n d  exposed  to  room l igh t  each  d a y  an d  cooled 
to  5°C each  n i g h t  for a t o t a l  of 10 to  14 days.  P. urticae B. 7 was ident i f ied  b y  
co lony  a n d  g r o w t h  charac te r i s t i c s .  I d e n t i t y  of P. urticae B. a n d  p a t u l i n  
syn thes i s  were  checked  b y  t r a n s f e r r i n g  colonies to  p o t a t o  dex t rose  aga r  
s l an t s  in  t e s t  t u b e s  a n d  i n c u b a t i n g  6 days  a t  25°C u n t i l  a b u n d a n t  sporu la t ion .  
A 3 - m m  cube  of aga r  f rom b e n e a t h  t h e  s l an t  surface  was pressed  o n t o  a 
* Contribution from the Northern Plains Branch, Soil and Water Conservation Re- 
search Division, Agricultural Researeh Service, USDA, in cooperation with the Nebraska 
Agricultural Experiment Station, Lineoln. Published as Paper No. 2275, Journal Seriës, 
Nebraska Agricultural Experiment Station. 
** Unpublished data, F r e d  A. N o r s t a d t  and T. M. MeCalla.  
t Layering teehnique adapted from a suggestion made by Dr. T h o m a s  L. T h o m p s o n  
of the Department of Mierobiology, University of Nebraska, Lineoln. 
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23- × 28.5-cm shee t  ot W h a t m a n  * No. I c h r o m a t o g r a p h y  p a p e r  a t  2 .5-cm 
in t e rva l s  a n d  t h e  aga r  dried.  P a t u l i n  was s p o t t e d  on  each  shee t  a t  20 #g per  
spot .  The  con t ro l  pa tu l in ,  a u t h e n t i c a t e d  b y  m e l t i n g  po in t  a n d  i i i f rared a n d  
u l t r av io l e t  spec t roscopy,  h a d  been  i so la ted  ä f rom cu l tu res  of P. urticae B. 
C h r o m a t o g r a m s  were s to red  u n d e r  l le l ium to  avo id  r eac t ion  w i t h  t r aees  of 
a m m o n i a  f rom t h e  air.  Ascend ing  deve lopme l l t  was w i th  a n  e t h y l  a!cohol  : 
w a t e t  so lven t  s y s t e m  (80 : 20 v/v) .  T he  deve loped  c h r o m a t o g r a m s  were dr ied  
a n d  exposed  to  a m m o n i a  b y  suspe i id ing  t h e m  over  a l - cm layer  of c o n c e n t r a -  
red  a m m o n i u m  h y d r o x i d e  so lu t ion  c o n t a i n e d  in an  a l u m i n i u m  foi l -covered 
glass cyt inder .  Expos ing  t h e  c h r o m a t o g r a m s  to  u l t r av io l e t  l igh t  (3600 A) 
revea led  t h e  f luorescence of a u t h e n t i c  p a t u l i n  wh ich  could be  c o m p a r e d  w i t h  
f luorescen t  spots  f rom t h e  c h r o m a t o g r a p h e d  cu l tu re  med ia  as to  color a n d  Rf  
va lue  5. 
In[rared analysis /of patulin 
The  presence  of p a t u l i n  also was conf i rmed  b y  in f ra red  analys is  of a n  ex- 
t r ac t .  P o t a t o  dex t rose  b r o t h  in 50-tal  q u a n t i t i e s  was  inocu la t ed  w i t h  t he  iso- 
la tes  to  be  tes ted .  Af t e r  g r o w t h  a t  25°C for 14 days,  t h e  cu l tu re  f luid was 
s e p a r a t e d  b y  d e e a n t a t i o n  a n d  f i l t r a t i on  t h r o u g h  a B ü c h n e r  funne l  w i t h  
suct ion,  us ing  a r ap id  f i l ter  paper .  The  cu l tu re  f luid was e x t r a c t e d  twice  w i t h  
50-tal  po r t ions  of e thy l  a ce t a t e  in a s e p a r a t o r y  funne l  a n d  t h e  c o m b i n e d  
ex t r ac t s  dr ied over  8 g of a n h y d r o u s  2¢IGSO4.** The  ex t rac t ,  s epa ra t ed  f rom 
t h e  d r y i n g  agent ,  was  e v a p o r a t e d  b y  v a c u u m  to  a p p r o x i m a t e l y  10 rel. A b o u t  
0.1 to  0.2 ml  was a l lowed to  e v a p o r a t e  on  a 5 × 5 × 0.5-cm slab of op t ica l  
g rade  NaCt  in a IIearly c i rcular  a rea  1 cm in d iamete r .  The  NaC1 s lab was 
p laced  in  a n  in f ra red  s p e e t r o p h o t o m e t e r  to  examine  t h e  5 to  6 mic ron  region 
for t h e  s p e c t r u m  of p a t u l i n  s. 
Bioassay and patulin assay 
C h r o m a t o g r a m s  n o t  exposed  to a m m o n i a  v a p o r s  were b ioas sayed  w i t h  
Cheyenne  win te r  w h e a t  seeds (Triticum aestivum L,). The  sect ions  of t he  
c h r o m a t o g r a m s  c o n t a i n i n g  au the i i t i c  a n d  suspec ted  p a t u l i n  f rom funga l  
isolates  were p laced  on  sterile,  doub le -ge rmi i i a t ing  p a p e r  l iners  in  pe t r i  
dishes.  B l a n k  c h r o m a t o g r a p h y  p a p e r  for con t ro l s  also was developed.  F ive  
w h e a t  seeds were p laced  on  t h e  c h r o m a t o g r a p h y  p a p e r  in  a s t a r - s h a p e d  
a r r a n g e m e n t  w i t h  t h e  e m b r y o  ends  in t h e  center .  The  g e r m i n a t i n g  p a p e r  was  
s a t u r a t e d  w i t h  dis t i l led water .  T he  seeds were g e r m i n a t e d  for 3 days  a t  25°C. 
B ioassay  response  was ca lcu la ted  as pe r cen t  e longa t ion  of t h e  w h e a t  roots  of 
t h e  t r e a t m e n t  c o m p a r e d  w i t h  t h e  control .  
The  p a t u l i n  c o n c e n t r a t i o n  in t h e  agar  was  e s t i m a t e d  a f t e r  two-d imens iona l  
c h r o m a t o g r a p h y  b y  a p rev ious ly  r epo r t ed  t e c h n i q u e  8 
« Trade name is included to provide specific information and does not impty endorse- 
meat of the product listed by the agencies concerned. 
** MgSO4.7II~O dried for 2 hours at 500°C. 
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Fig. 1. Soil fungi growing in a layered, 2-week-old rose bengal plate. The 
arrows point to three colonies of P e n i d l l i u m  urticae Bainier among 26 visible 
colonies of this fungus. (Kodak Royal Pan film *). 
Results  and discussio,n 
In Figure 1, the arrows point to P.  urticae B. among other soil fungi. Placing 
the inoculum in a thin agar layer on tlae deep reserve agar had two purposes: 
(a) the colonies needed only to grow through a thin agar layer to sporulate, 
and they matured more uniformly; and (b) the deep reserve agar and the 
nightly storage at 5°C permitted sufficient t ime for the characteristic fungal 
growth. The cyclic incubation at two temperatures (25°C and 5°C) favored 
the growth and sporulation of P.  urticae B. over tha t  of other fungi. P. urticae 
B. can grow and sporulate at 5°C in 2 to 3 weeks. Fungal coloration, diurnal 
growfh, and other colony features greatly facilitated identification and count- 
ing of P.  urticae t3. 
* f/22 lerls opening at 1/4 second using two No. 1 white photoflood bulbs. 
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TABLE 1 
Rf and bioassay values obtained for authentic patulin and NH3-reacting and UV- 
fluorescing sections from chromatography of patulin and agar * from slants of 
fungal isolates of Penicillium urticae Bainier 
Source Rf ** 
Bioassay 
response of roots 
% of control 
Patulin 
quantity 
/~g 
Authentic patulin 
Isolate 1 
2 
3 
4 
0.87 
0.86 
0.86 
0.86 
0.86 
80 
90 
70 
82 
82 
20 
10 
30 
14 
14 
* Potato dextrose agar for 6 days at 25°C. 
** Ethanol : water (80 : 20 v/v) ascending. 
Resu l t s  of t h e  c h r o m a t o g r a p h y  a n d  b ioas say  of aga r  m e d i u m  f rom P.  
utricae B. are  p r e s e n t e d  in Tab le  1. T he  R f  va lues  for t h e  N H s - r e a c t i n g  a n d  
UV-f luoresc ing  sect ions  of t he  c h r o m a t o g r a m s  agreed  w i t h  t h a t  of a u t h e n t i c  
pa tu l in .  B ioassay  t a u s t  be  done  on  sect ions  n o t  exposed  to  a m m o n i a  v a p o r  
as p a t u l i n  is i n a c t i v a t e d  b y  a m m o n i a .  
I n v a r i a b l y ,  t h e  p o t a t o  dex t rose  aga r  f rom P.  urticae B. m a r k e d l y  r educed  
roo t  a n d  shoo t  g r o w t h  c o m p a r e d  w i t h  cont ro l s  in  a b ioassay.  Ster i le  aga r  
m e d i u m  did  n o t  af fec t  ge rmina t ion .  R o o t  g r o w t h  was a f fec ted  more  t h a n  
sboo t  g rowth .  Visible  effects  on  roots  inc luded  necrosis,  b rowning ,  excessive 
roo t  ha i r  deve lopmen t ,  shor ten ing ,  and  cur l ing  and  tw i s t i ng  of t h e  roots .  
Cheyenne  w i n t e r  w h e a t  in  dis t i l led w a t e t  n o r m a l l y  deve loped  3 semina t  
roots ,  b u t  p a t u l i n  in  t h e  order  of 9 p p m  cansed  4 to  5 s emina l  roo ts  to  deve lop  
in t h e  same  in te rva l .  P a t u l i n  ac ted  as a n  a u x i n  synerg i s t  in  a coleopti le-  
sec t ion  t e s t  s 
I n f r a r e d  analys is  of a n  i m p u r e  e x t r a c t  of cu l tu re  f iu id  p r o v i d e d  ~ rap id  
m e t h o d  for p a t u l i n  analysis .  This  t e c h n i q n e  did  n o t  requ i re  all i nvo lved  
p rocedure  to  o b t a i n  a pur i f ied  m a t e r i a l  such  as for  a m e l t i n g  p o i n t  d e t e r m i n a -  
t ion  or func t iona l  g roup  ana lys i s  b y  chemica l  means .  
S u m m a r y  
A di lu t ion  p l a t i ng  m e t h o d  e s t i m a t e d  Penic i l l ium urticae ]Bainier n u m b e r s  
in soll. This  m e t hod ,  wh ich  used a n  aga r  l aye r ing  t e c h n i q u e  a n d  a cyclic 
i n c u b a t i o n  of 8 hou r s  a t  room t e m p e r a t u r e  (about  25°C) a n d  16 hours  a t  5°C, 
p e r m i t t e d  t h e  d i f fe ren t ia l  g r o w t h  a n d  spo ru l a t i on  in favor  of P.  urticae B. over  
o the r  c o m m o n  soil fungi.  
P rocedures  of ex t rac t ion ,  p a p e r  c h r o m a t o g r a p h y ,  i n f r a r ed  analysis ,  a n d  
b ioas say  assayed  for a c c u m u l a t e d  pa tu l in .  A c o m b i n a t i o n  of these  m e t h o d s  
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r o u t i n e l y  e s t i m a t e d  P .  u r t i c a e  B. n u m b e r s  in  soi ls  a n d  a u t h e n t i c a t e d  p a t u l i n  
p r o d u c t i o n  b y  s e l e c t e d  i so la tes .  
Reeeived April 16, 1968 
FRED A. NORSTADT a n d  T. M. I'~~CCALLA * 
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